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TUNING CIRCUIT 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to circuit 
construction of a tuning circuit to improve frequency 
selectivity thereof by using a negative resistance circuit. 
De scripti o n of the Rela te d Art 

[0002] As a method for improving frequency selectivity of 
a tuning circuit there are methods for improving Q of the tuning 
circuit by a negative resistance circuit and one of them is a 
method for compensating equivalent series resistance component 
of a tuning circuit by constituting it so that an inductor is 
connected to a capacitor in series and an input signal are 
applied to one side thereof, and the other side is earthed 
through a negative resistance circuit. Compensation of the 
equivalent series resistance component is done to obtain the 
following two merits. That is, one of them is a merit able to 
keep a 3dB band width constant because a value of COL is changed 
by changing a tuning frequency but Q changes in proportion to 
a frequency (Q=0)L/r) since an equivalent series resistance 
component r does not change and the other is a merit that if 
a current component is taken out as an output of a tuning circuit , 
a maximum value at a tuning point, that is, a circuit gain of 
the tuning circuit is constant in dependently to frequency. 
[0003] A negative resistance is provided by an amplifier 
having a positive feedback circuit and thus a negative 
resistance circuit can be constituted by the positive feedback 
circuit but a circuit becomes unstable due to existence of the 
positive feedback circuit . In order to suppress this and obtain 
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a stable positive feedback operation, a negative feedback 
circuit as well as a positive feedback circuit should be used. 
Circuits according to various methods as a negative resistance 
circuit are known but circuits of which design and adjustment 
are easy and suitable operation in a high frequency band is 
possible, and circuit construction is simple are very few. So, 
the invention has filed Japanese Patent Application No. 
2002-218036 as a construction plane of a tuning circuit. 
[0004] The tuning circuit of the above application includes 
a differential amplifying circuit having two transistors of 
which emitters are directly coupled and a low impedance output 
circuit such as an emitter follower. An output signal of the 
emitter follower is fed back to a same phase input side of the 
differential amplifying circuit directly and further is fed 
back to an inverse phase input side through a negative 
resistance value setting resistor therefrom to obtain a 
negative resistance between a inverse phase input terminal and 
an earth. Since this circuit is constituted by only well known 
usable circuits, circuit design and adjustment thereof is easy 
and it operates stably up to a comparatively high frequency 
because of a simple circuit. 

[0005] However, since this negative resistance circuit 

requires at least three transistors, in order to make it 
operable up to further high frequency, it is necessary to make 
its circuit construction simple so as to reduce phase rotation 
quantity in the inside thereof and for this reason it is 
desirable to reduce the number of transistors further. 

SUMMARY OF THE INVENTION 
[0006] The object of the present invention is to provide 
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a tuning circuit of which circuit construction is simple and 
circuit design and adjustment is easy as a circuit for 
compensating an equivalent series resistance component of a 
tuning circuit of series resonance type by using a negative 
resistance circuit . 

[0007] In order to attain the above object, the present 

invention is characterized by a tuning circuit including a 
series resonance circuit, a driving circuit connected to one 
end thereof and a negative resistance circuit connected to the 
other end thereof. The negative resistance circuit comprises 
an inverse amplifying circuit and a low output impedance circuit 
of non- inverse type connected to the inverse amplifying circuit . 
An output of the low output impedance circuit is fed back to 
an input of the inverse amplifying circuit to constitute a 
negative feedback circuit and an output of the low output 
impedance circuit is fed back to a same phase side output of 
the inverse amplifying circuit to constitute a positive 
feedback circuit. 

[0008] In the tuning circuit of the present invention, the 
following constructions can be employed, 

(1) The inverse amplifying circuit comprises a first transistor 
of which an emitter circuit has a resistor and the low output 
impedance circuit is an emitter follower circuit comprising a 
second transistor. 

(2) The negative feedback circuit is so constituted that an 
output of the emitter circuit of the second transistor is fed 
back to a base of the first transistor and the positive feedback 
circuit is so constituted that the output of the emitter circuit 
of the second transistor is fed back to an emitter of the first 
transistor. 
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(3) A bias current from a power supply voltage is applied to 
the second transistor by dividing resistors and the positive 
feedback circuit is so constituted that direct feedback from 
the emitter circuit of the second transistor is done. 
( 4 ) The first and second transistors include an emitter resistor 
respectively and the positive feedback circuit is connected 
through both the emitter resistors. 

( 5 ) A collector of the first transistor is directly coupled with 
a base of the second transistor and a capacitor Is inserted in 
the positive feedback circuit. 

(6) The positive feedback circuit is so constituted that the 
positive feedback from the emitter of the second transistor to 
the emitter of the first transistor is done and the negative 
feedback circuit is so constituted that the negative feedback 
from the emitter of the first transistor to the base thereof 
is done. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0009] Fig. 1 is a circuit construction diagram showing an 
embodiment of the present invention; 

[0010] Figs. 2(a) to 2(d) are circuit diagrams showing 

negative resistance circuits usable in the present invention; 
[0011] Fig. 3 is an equivalent circuit diagram for explaining 
operation principle of the present invention; and 
[0012] Fig. 4 is a simulation curve showing effect of the 
present invention . 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0013] A tuning circuit of the present invention is so 

constituted that a current component may be taken out by 
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applying an input signal to an end of a series connected circuit 
consisting of an inductor and a capacitor and earthing the other 
end thereof through a negative resistance circuit to compensate 
a series resistance component from the above described reason. 
[0014] Therefore, if the negative resistance circuit is 

constituted by a two stage transistor amplifying circuit, the 
negative resistance circuit requires the following 
requirements . 

[0015] That is, since an input terminal of a forward stage 
circuit thereof (an input terminal of the negative resistance 
circuit) is connected to a tuning circuit, it is necessary that 
an input resistance of this circuit becomes a negative 
resistance. Further, if this circuit is an inverse amplifying 
circuit, a circuit following to this must be constituted so as 
to have construction of non- inverse amplification and low 
impedance output. If a two stage circuit is constituted in this 
way, a feedback from an low impedance output terminal of a 
backward stage to an input terminal of a forward stage becomes 
a negative feedback and a feedback from a low impedance output 
terminal of the backward stage becomes a positive feedback. 
Thus a negative resistance circuit can be constituted by at 
least two transistor circuits according to the above 
construction . 

[0016] A tuning circuit of the present invention based on 
the above described principle will be explained in detail by 
referring to the drawings . 

[0017] Fig. 1 is a circuit diagram of a tuning circuit 

showing an embodiment of the present invention. In Fig. 1, DRV 
is a driving circuit of the tuning circuit, Vo is a driving power 
voltage, Ro is an inside resistance. C, L and Rl are a tuning 
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capacitor, a tuning inductor and an equivalent series 
resistance component respectively constituting a series 
resonance circuit. 1 and 2 are input terminals of a negative 
resistance circuit N and a series resistance component Ro+Ri 
is compensated by this circuit N, in which 3 and 4 are output 
terminals. The negative resistance circuit N is constituted 
by two transistor circuits Qi and Q2 . The forward stage 
transistor Ql is an inverse amplifier having a resistor in an 
emitter circuit thereof and the backward stage transistor Q2 
is an emitter follower circuit for providing a low output 
impedance. In the embodiment of Fig. 1, a positive feedback 
circuit p is so constituted that an emitter output of the 
backward transistor Q2 is fed back to the forward emitter output 
(a same phase output) through a resistor R4 and a negative 
feedback circuit n is so constituted that said emitter output 
is fed back to a base of the forward transistor Qi through R2 
and Ci. 

[0018] As to a method for connecting between the forward 
and backward transistor circuits Qi, Q2 and a method for 
constituting the positive and negative feedback circuits, 
various methods are considered other than the method of Fig. 
1. That is, various constructions can be employed by a bias 
current supplying method of the backward transistor Q2 and a 
method of the positive and negative feedbacks and some examples 
thereof as shown in Fig. 2. 

[0019] Fig. 2(a) shows a case that a bias current of the 
backward transistor Q2 is supplied by resistor dividing due to 
resistors R6 and R7 from a power supply voltage Vcc. 
[0020] Fig. 2(c) shows a case that a collector output of 
the forward transistor Ql is connected to the backward 
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transistor Q2 directly. 

[0021] Further, as to a feedback circuit. Fig. 2(a) shows 
a case that 100% positive feedback is done by connecting the 
output of the backward transistor Q2 to the forward transistor 
Ql directly. 

[0022] Fig. 2(b) shows a case that a positive feedback 

circuit p is constituted by inserting a resistor R4 between an 
emitter resistor R3 of the forward transistor Ql and an emitter 
resistor Rs of the backward transistor Q2 and a negative feedback 
circuit is constituted by inserting Ci and R2 between an emitter 
of the forward transistor Ql and a base thereof. 
[0023] Fig. 2(c) shows a case that positive feedback of a 
d.c. component is blocked by inserting C2 into a positive 
feedback circuit p. 

[0024] Fig. 2(d) shows a case that a positive feedback 
circuit p is constituted by a resistor R4 and a negative feedback 
circuit n is constituted by connecting an emitter of a forward 
transistor Ql to a base thereof. 

[0025] The tuning circuit of Figs. 1 and 2 can be represented 
by blocks as shown in Fig . 3 in accordance with functions thereof . 
In Fig. 3, Ro+i indicates sum Ro+Ri of an inside resistor Ro 
of the driving source and a series resistance component Ri of 
the tuning circuit. SUB indicates subtracting function of the 
negative resistance circuit N. A is an amplification factor 
of the first amplifier Ql and p is a feedback factor, that is, 

6 m R * in Fig. 1 but p=l in Fig. 2(a). 

/?3 + i?4 

[0026] In Fig. 3 the following equation can be realized. 
/1+ £L±!.0 (!) 

R2 
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V 2 = (V2/3 -V\)A (2) 
[0027] An input resistance of the circuit of Fig. 3 that 
is, an input resistance of the negative resistance circuit N 
is represented by the following equation. 

(3, 

Ii l + A(l-p) 

Therefore, when KpA, the input resistance becomes negative and 
its resistance value can be set by R2. 

[0028] An amplifying factor from the driving source to the 
output terminal 3, 4 at a tuning point is obtained from Fig. 
3 easily and is represented by the following equation. 

— - Rl 

Ko " {j8-.(lM)](7?o*i + /?2)-/?o + i 4 
[0029] Fig. 4 shows frequency selectivity characteristic 
curves Si to S4 when only C of the series resonance circuit is 
varied from 500pF to 70pF, 20pF, 8pF at L=3.3piH, R0+l=2OQ in 
the circuit of Fig. 1 and for comparison, an example Ss of 
simulation result of a frequency selectivity characteristic at 
a case that a negative resistance circuit is not used. In Fig. 
4, A is an attenuation quantity (dB) and F is frequency (Hz). 
It can be understood from Fig. 4 that a path band width, that 
is, a frequency selectivity characteristic is constant and a 
tuning circuit gain is kept constant even if a tuning frequency 
is changed by changing a capacitance of the capacitor C. 
[0030] As described above in details, according to a tuning 
circuit of the present invention using a negative resistance 
circuit, Q can be increased by a very simple circuit and a tuning 
frequency can be changed while a path band, that is, a frequency 
selectivity characteristic is constant even if capacity of a 
capacitance C is changed to change the tuning frequency, and 
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at this time, a tuning circuit gain is constant. 
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